Abstract -This article concerns the question of journal impact factor and other bibliometric indicators made available by the Institute for Scientific Information in their Journal Citation Report for 1996. The impact factors of journals within the subject category 'substance abuse' are listed along with total citations, immediacy indices, and cited half-lives. The relationship between cited and citing journals is discussed with the main focus on the data available for Alcohol and Alcoholism. Some of the problems and limitations of bibliometric measures of productivity are dealt with, especially when these are used to evaluate the work of individual scientists. Although bibliometric measures are easy to compute, they become difficult to interpret, such as when dealing with collaborative research and the problem posed by multiple authorship. The need to adjust impact factors and citation counts for the number of co-authors in a paper becomes important when credit has to be attributed to one individual from a multi-author paper. This is often necessary in connection with grant applications and when making decisions about academic promotion and tenure. The impact factor of Alcohol and Alcoholism has increased steadily over the past 5 years, even after adjusting for the number of self-citations, which resulted in an even greater increase in impact. However, the impact factors of substance abuse journals are generally low, compared with disciplines such as immunology, genetics, and biochemistry. Some suggestions are made for increasing the impact factors of substance abuse journals if this is considered necessary. But instead of paying attention to the impact factor of a journal, scientists should give more consideration to the speed and efficiency of the editorial handling of their manuscripts and particularly to the quality and timeliness of the peer review.
INTRODUCTION
Most scientists involved with higher education, academic medicine and research have become alerted to the concept of journal impact factor. Indeed, the editors and publishers of scientific journals proudly boast their impact factors when advertising for new subscribers as well as trying to encourage submission of potentially highly cited papers. Those involved with the journal Nature Medicine, which was launched in 1994, were presumably overjoyed when the Philadelphiabased organization, the Institute for Scientific Information (ISI) published its journal impact factors for 1996. Nature Medicine received the unusually high score of 22.1, making it the most cited journal in the field of experimental medicine. This high impact factor was subsequently used by the marketing department to promote the journal by including those tedious advertising leaflets (pull-outs) within each bimonthly edition of the journal for 1998. Many believe that a journal with a high impact factor is more prestigious and authoritative than a journal with a low impact factor. Indeed, impact factors are being used increasingly for research assessment to evaluate the work of individual scientists (Seglen, 1997a; Williams, 1998) .
WHY IMPACT FACTORS?
Impact factors first appeared in the mid-1970s as a spin-off from the Science Citation Index (SCI) which was launched in 1961 by Eugene Garfield, the founder and one-time president of the ISI (Garfield, 1972 (Garfield, , 1976 (Garfield, , 1979 Broad, 1978) . ISI specializes in documenting information about scientific papers, the names of the authors, the journals where the papers appear and the number of times they are cited after being published (Garfield, 1983) . The SCI has become an indispensable tool for evaluating the impact of a person's published work, as reflected in the number of times it subsequently becomes cited in the scientific literature. The citation index is essentially an alphabetical listing of the names of cited primary (first) authors. After each cited author's name, the cited items are listed in chronological order according to year of publication followed by the name of the journal, the volume and first page number of the article. Under each cited article, the name of the citing primary author, the title of the journal, the volume and page number are listed (Garfield, 1983) .
Impact factors are closely related to citation counts and according to Garfield they permit making reasonable comparisons between the citation practices of large and small journals (Garfield, 1994) ; otherwise comparing absolute citation counts would give an unfair advantage to long running journals and those that publish many citable items (articles) each year. In recent years, there has been an upsurge of interest in citation analysis and journal impact factors for evaluating and comparing the work of individual scientists and entire research groups (Seglen, 1997a; Williams, 1998) . The basic premise of citation analysis is that important and influential papers attract large numbers of citations from other scientists working in the same or a closely related discipline (MacRoberts and MacRoberts, 1989) . However, Garfield and others have called for caution when bibliometric indicators, such as impact factors, are used to evaluate research activity and especially the work of individual scientists (Seglen, 1997b; Garfield, 1996 Garfield, , 1997 . It is important to remember that the impact factor reflects citations awarded to the average article published in a journal during the first and second year after publication. In some research disciplines a 5 or 10 year impact factor might be more relevant. Based on ISI data for 1996, the 5 year impact factor for Alcohol and Alcoholism was 1.50, being roughly the same as ISI's 2 year impact factor of 1.423. This means that the average article published in Alcohol and Alcoholism becomes cited about 1.4 times during the twoyear window after publication. One should also remember that publishing a paper in a high impact journal does not necessarily guarantee that the article will become highly cited. This is one of the major problems when impact factors are used for evaluating research performance and grading and comparing the output of individual scientists (Seglen, 1997a,b) .
SUBSTANCE ABUSE JOURNALS

IMMEDIACY INDEX
The immediacy index gives a measure of how quickly the average article in a journal is cited after it appears in print. The immediacy index is derived by dividing current citations to current articles (e.g. 1996 citations to 1996 articles) by the number of citable items in 1996. This makes it obvious that journals that appear weekly or monthly gain an advantage in terms of immediacy, compared with bimonthly or quarterly journals or those periodicals that appear late in the year, or if an appreciable time lag exists between the date on the cover and when the journal is actually distributed. Examples of journals with a rapid turnover and high immediacy indices are Nature (6.29), Science (4.83), Lancet (4.74), and New England Journal of Medicine (5.91) compared with the substance abuse journals listed in Table 1 . The immediacy index is generally high for those journals that publish research in fast moving specialities.
CITED HALF-LIFE
The final item of information in Table 1 is the cited half-life of the journals. This is defined as the number of journal publication years going back from the current year which accounts for 50% of the total citations received by the cited journal in the current year. This parameter has not received much attention from those concerned with bibliometric analysis, but the cited half-life might provide information about longevity of the articles a journal publishes.
CITING VERSUS CITED JOURNALS
The cited journal listing of JCR furnishes the raw data for calculating impact factors. Under the name of each cited journal (e.g. Alcohol and Alcoholism), the names of each citing journal are given. Besides the total number of citations received from all journals and all years, this total is broken down according to the title of each citing journal and the publication year of the cited material spanning back a period of 10 years. Table  3 lists the names of the top-five journals citing papers published in Alcohol and Alcoholism from 1991-1996. The total number of citations from all journals and all years is shown; alongside this is the number of citations accumulated in the same year that the articles were published as well as the citations to articles published the two previous years. These are the values needed for calculating immediacy index and impact factors. Note that the top three citing journals are the same each year (though in different orders), namely Alcohol and Alcoholism (self-citations), Alcoholism: Clinical and Experimental Research, and Alcohol. In 1996, Alcohol and Alcoholism received 31 citations from the newly launched journal Addiction Biology and eight of these citations contributed to the computation of the impact factor. Table 4 gives the corresponding citation counts for Alcohol and Alcoholism as the citing journal. Once again, a small group of journals in biomedical alcohol research receives most of the citations.
ADJUSTING FOR SELF-CITATIONS
Although not routinely provided by JCR, it is a fairly easy task to correct the impact factor for the number of self-citations, that is, when a journal cites its own articles. Table 5 gives these corrected impact factors for the major substance abuse journals covered by the SCI. Drug and Alcohol Dependence now tops the list of substance abuse journals with an adjusted impact factor of 1.724, and Alcohol and Alcoholism moves up a place to become a close third with an impact factor of 1.265 after adjusting for selfcitations.
EVALUATING EXCELLENCE -A DIFFICULT TASK
Judging originality and talent among people applying for research grants or when academic staff are being considered for promotion has always been a difficult task. Deciding who should be awarded a research grant, gain tenure, be promoted to a chair, receive a prestigious prize or other scientific accolade has traditionally involved the time-honoured procedure of peer-review, which is often a controversial subject (Chubin and Hackett, 1990; Wessely, 1998) . Because the quality and quantity of a person's published work has always been and still is the yardstick of a successful scientific career, easier and more objective ways of evaluating a person's bibliography are being sought. Counting the number of published papers and categorizing them according to whether they represent original articles, reviews, letters-to-the-editor or debate and opinion is usually a first step. However, the quality and (Williams, 1998) . Accordingly, scientists are paying more attention to the impact factors of the journals to which they submit their articles for publication. The use of journal impact factors as a tool for making judgements about individual scientists, the articles they publish, and their contributions to science has been criticized for various reasons (Seglen, 1989; Hansson, 1995; Metcalfe, 1995; Motta, 1995) . However, high-impact journals, such as Nature, Science, New England Journal of Medicine, Journal of the American Medical Association and Lancet etc., employ a rigorous peer-review evaluation, often soliciting an opinion from three or four independent referees who assess the merits of each submitted article. The rejection rate for these crème de la crème of science journals often exceeds 90%, owing to extreme competition for space and what the editor of the journal considers 'hot topics' at the time. Table 6 lists some of the problems associated with the use of impact factors for evaluating the work of individual scientists.
Instead of relying on impact factors, which reflect citations to the average article a journal publishes, counting citations to specific articles would seem to be much more informative. Indeed, citation counts were strongly associated with peergroup assessment of individual scientists with a correlation coefficient of 0.70 for biochemists and initials incorrect Original articles are generally cited less than review papers *For reviews, see Cole (1989) and MacRoberts and MacRoberts (1989) . Table 6 . Drawbacks with use of impact factor (IF) for evaluating the work of individual scientists* Not all journals are included in the Institute for Scientific Information database Strong bias towards English language journals Impact factors are highly field-dependent -hence the need for subject categorization No adjustments are made for self-citations Numbers of items in reference lists vary between different disciplines The recentness of cited items varies between disciplines The distribution of journal IFs is highly skewed Low correlation between IF and citation counts for individual articles Journals publishing many review articles and methodology papers usually have high IFs *For reviews, see Seglen (1997a,b) . (Cole, 1989) . The SCI is now searchable on-line, which facilitates making article-by-article citation counts. Another study showed that the impact factors of journals where scientists published their work and the actual number of citations per article per year were not correlated at all (Seglen, 1994) . But even making a citation count for individual articles can give misleading results for some of the reasons listed in Table 7 . The reasons for citing a specific paper are complex, often haphazard and highly subjective (MacRoberts and MacRoberts, 1989) .
ADJUSTING FOR MULTIPLE AUTHORS
Counting the number of papers listed in a person's bibliography gives a measure of scientific activity. But everybody knows that productivity can be enhanced by intramural and/or extramural collaboration and that publication counts can be boosted considerably through team-work. This approach to research brings with it 'author inflation', which raises the question of whether adjustments should be made to impact factors and citation counts for the number of names appearing as authors when the work of one individual scientist has to be assessed (Croll, 1984; Fye, 1990) .
Much has been written about authorship practices in the biomedical sciences, especially the criteria that should be met to be listed as a coauthor (Goodman, 1994; Shapiro et al., 1994) and the significance, if any, attached to the ordering of the names on the paper (Jones, 1996; Biagioli, 1998; Wilcox, 1998) . Some have suggested that the concept of authorship should be abandoned for multi-author papers and replaced instead by a list of contributors to the work (Rennie et al., 1997) . Exactly what each person contributed would then be explained in writing at the time the manuscript is submitted for publication. On the final published article one or more individuals would be designated as guarantors, taking responsibility for the integrity of the entire work (Rennie et al., 1997) .
Attributing credit to the individual names on a multi-author paper has always been a difficult task for external examiners and expert committees (Shapiro et al., 1994; Drenth, 1998) . The days of listing co-authors in alphabetical order are long gone. However, the two obvious names that should appear on a paper are the research student and his or her supervisor with the first person listed being the principal author and the one who has done most of the work including planning (design), collecting and evaluating data, and writing the first draft of the manuscript (Huth, 1986; Fye, 1990) . The last name on a multi-author paper might be the senior scientist in the group or the head of the department where the work was done, or in some instances the person who acquired the necessary funding to complete the project. The phenomena of ghost authorship (failure to name someone who made a significant contribution to the research or the writing of the article) and gift authorship (adding a person's name to the list of authors despite the fact that this person made no real contribution to research or writing of the paper) are considered as dubious practices bordering on scientific misconduct (Rennie and Flanagin, 1994) . A recent survey showed that 19% of journal articles published in leading medical journals had evidence of gift or honorary authorship, whereas 11% showed evidence of ghost authors (Flanagin et al., 1998) . The motivation for listing several senior scientists of professorial rank among the six to ten names on some inconsequential paper remains a mystery. What each person contributed to the work is virtually impossible to assess and the credit for individual names on the paper becomes diluted as a function of the number of co-authors (Price, 1982) .
The number of authors (contributors) to papers appearing in basic science and clinical medicine journals continues to increase, although it is generally accepted that the first and last positions in the line-up of names carry most weight (Huth, 1986; Goodman, 1994) . Unfortunately, the recommendations made about authorship of papers by the International Committee of Medical Journal Editors (the Vancouver group) have not been widely adopted (Huth, 1986) . The current suggestion to list one person as the responsible author and all other names on the paper as contributors together with a brief explanation of what exactly each person contributed has much to recommend it (Rennie et al., 1997) .
The output of papers from certain individuals has reached astronomical proportions. In a recent article in the May/June 1998 issue of ISI's newsletter Science Watch, entitled 'Superstars of Biomedicine, 1990 Biomedicine, -1997 there was a list of 50 scientists who had received more than 7500 citations between January 1990 and June 1997. The most prolific author was Thomas E. Starzl, a transplant surgeon from the University of Pittsburgh, who either alone or together with colleagues produced 900 papers, averaging more than two articles every week -truly a superhuman effort. The next most productive scientist was Peter J. Barnes, a specialist in asthma and thoracic medicine associated with Imperial College London, who was credited with 612 papers over the same period. The highest-impact scientist among these 50 superstars was Bert Vogelstein, a cancer researcher from Johns Hopkins University, who amassed 27 901 citations to 190 papers, giving him an average citation impact of 146.8 citations per paper.
GENERAL CONCLUSIONS AND COMMENTS
Journal impact factors and citation analysis have attracted considerable interest from sociologists of science, university administrators and government funding agencies (King, 1987; Seglen, 1997a) . Indeed, bibliometric indicators of performance are being used increasingly when decisions are made about academic promotion, awarding research grants and other kinds of funding (King, 1987; Williams, 1998 ). But such practices should only serve as a complement to a careful scrutiny of published work by expert reviewers and not as a substitute for peer review. Furthermore, impact factors and citations might need to be adjusted for the number of co-authors on each paper when the productivity of one individual scientist is being evaluated, e.g. in connection with academic promotion (Price, 1982) . More consideration also needs to be given to the placement of the names on a paper, with extra credit allotted for solo-author papers or firstauthor contributions.
In an effort to curb the rush to publish and the associated author inflation, some universities have set upper limits for the number of articles needed for gaining tenure or when applying for a professorship (Culliton, 1988) . The contribution made by a graduate student, a postdoctoral researcher or the chairman of the department to an eight-author paper published in a top-rank journal is not obvious to the reader; it should be agreed upon and declared in writing in the covering letter sent with the manuscript to the editor of the journal. Some journals, such as Annals of Internal Medicine, now require authors to spell-out the contributions each made to a multi-author paper at the time of submission.
The impact factors of journals within the substance abuse category are fairly low compared with other basic and clinical research subjects. Biomedical alcohol research and substance abuse research is a relatively small discipline and this is reflected in the low journal impact factors, compared with topics such as immunology, genetics, cell biology or biochemistry. Only one substance abuse journal, Alcoholism: Clinical and Experimental Research, achieved an impact factor above 2.0. The number of citations and, indirectly the impact factors could be increased by including more review articles in each issue and also by expanding the list of references (citations) at the end of each article, thus increasing the ratio of reference items to articles. Preferentially citing recently published articles in substance abuse journals would also do much to boost the journal impact factors. However, in my opinion, scientists should be less concerned about submitting their work to high impact journals for publication; instead, they should consider the editorial manuscript handling process, especially the quality and timeliness of the peer review and whether there is a reasonably short time lapse between date of acceptance and date of publication. The existence of many on-line abstracting services will help to ensure that significant and useful work becomes highly cited regardless of the impact factor of the journal where it is published.
Note added in proof
After this commentary was submitted for publication, the Institute for Scientific Information (ISI) published its Journal Citation Reports for 1997. Once again, Alcoholism: Clinical and Experimental Research topped the list of substance abuse journals with a 1997 impact factor of 1.875. This is appreciably lower than the 1996 impact factor (IF) of 2.294 ( 
